We perform a diagrammatic calculation of the leading two-loop QCD corrections to the masses of the neutral CP-even Higgs bosons in the Minimal Supersymmetric Standard Model (MSSM). The two-loop corrections are found to reduce the mass of the lightest Higgs boson considerably compared to its one-loop value. Consequences for the discovery potential of LEP2 in the GUT favored regions of small and large tan β are discussed.
Supersymmetric theories (SUSY) [1] are the best motivated extensions of the Standard Model (SM) of the electroweak and strong interactions. They provide an elegant way to break the electroweak symmetry and to stabilize the huge hierarchy between the GUT and the Fermi scales, and allow for a consistent unification of the gauge coupling constants as well as a natural solution of the Dark Matter problem; for recent reviews see Ref. [2] . The MSSM predicts the existence of scalar partnersf L ,f R to each SM chiral fermion, and spin-1/2 partners to the gauge bosons and to the scalar Higgs bosons. So far, the direct search for SUSY particles has not been successful. One can only set lower bounds of O(100) GeV on their masses [3] .
A particularly stringent test of the MSSM is the search for the lightest Higgs boson. At tree level its mass, m h , is predicted to be lower than the one of the Z boson. However, the one-loop corrections are known to be huge [4] . As an impact, m h > M Z is possible, and an upper bound of approximately 150 GeV is obtained. Hence a two-loop calculation is inevitable for a precise prediction of the mass of the lightest Higgs boson. This is particularly important in view of the search for this particle at LEP2, where a precise knowledge of m h in terms of the relevant SUSY parameters is crucial in order to determine the discovery (and of course also the exclusion) potential of LEP2.
Up to now there exist renormalization group improvements of the one-loop result by including the two-loop leading logarithmic contributions [5] , and a diagrammatic calculation of the dominant two-loop contributions in the limiting case of the SUSY parameters corresponding to the upper bound of m h [6] . These results indicate that the two-loop corrections considerably reduce the prediction for m h . However, a diagrammatic two-loop calculation of the neutral mass spectrum, beyond the limiting case related to the upper mass bound of m h , has been missing so far. It is the purpose of this letter to investigate the leading QCD corrections to the masses of the neutral CP-even Higgs bosons and in particular to provide in this way a two-loop prediction of m h for arbitrary values of the parameters of the Higgs and scalar top sector of the MSSM.
Contrary to the SM, in the MSSM two Higgs doublets are needed. The Higgs potential is given by [7] 
where theΣ denote the Yukawa contributions of the t−t-sector to the renormalized one-loop φ 1,2 self-energies. It has been shown that these contributions approximate the full one-loop result up to 2 − 3 GeV [8] .
In order to derive the leading two-loop contributions to the masses of the neutral CPeven Higgs bosons we have evaluated the QCD corrections to eq. (4), which because of the large value of the strong coupling constant are expected to be the most sizable ones (see also Ref. [6] ). This requires the evaluation of the renormalized φ 1,2 self-energies at the two-loop level. Typical Feynman diagrams corresponding to the Yukawa contributions of the t −t-sector to the φ 1,2 self-energies and tadpoles are shown in Fig. 1 . They have to be supplemented by the counterterm insertions in the corresponding one-loop diagrams. Fig. 1a shows the pure scalar contributions to the Higgs self-energies. In Fig. 1b the gluonic corrections are depicted, while Fig. 1c shows the gluino-exchange contribution. In Fig. 1d -f the tadpole contributions for these three types of corrections are given.
The counterterms in the Higgs sector are derived from the Higgs potential eqs. (1), (2) by expanding the counterterm contributions up to two-loop order. The renormalization conditions for the tadpole counterterms have been chosen in such a way that they cancel the tadpole contributions in one-and two-loop order. The renormalization in the t −t-sector has been performed in the same way as in Ref. [9] . For the present calculation the one-loop counterterms δm t , δmt 1 , δmt 2 for the top-quark and scalar top-quark masses and δθt for the mixing angle contribute, which enter via the subloop renormalization. The appearance of thet mixing angle θt reflects the fact that the current eigenstates,t L andt R , mix to give the mass eigenstatest 1 andt 2 . Since the non-diagonal entry in the scalar quark mass matrix is proportional to the quark mass the mixing is particularly important in the case of the third generation scalar quarks.
(e) (f ) Figure 1 : Typical Feynman diagrams for the two-loop contribution to the Higgs-boson selfenergies and tadpoles.
The renormalized self-energies have the following structure:
where
s and Σ (2) s denote the unrenormalized self-energies at the one-and two-loop level, and δV 
with δt
a denotes the tadpole contribution, δt
a is the corresponding counterterm, and δM
In deriving our results we have made strong use of computer-algebra tools. The package FeynArts [10] (in which the relevant part of the MSSM has been implemented) has been applied to generate the Feynman amplitudes and the counterterm contributions. For evaluating the amplitudes the package TwoCalc [11] has been used. The calculations have been performed using Dimensional Reduction (DRED) [12] , which is necessary in order to preserve the relevant SUSY relations. Application of Dimensional Regularization (DREG) [13] , on the other hand, does not lead to a finite result. The same observation has also been made in Ref. [6] .
The contributions of the scalar, the gluon-, and the gluino-exchange diagrams in Fig. 1 together with the corresponding counterterm contributions are not separately finite (as it was the case in the calculation of Ref. [9] ), but have to be combined in order to obtain a finite result. Our results for the two-loop φ 1,2 self-energies are given in terms of the SUSY parameters tan β , M A , µ, mt 1 , mt 2 , θt, and mg. In the general case the results are by far too lengthy to be given here explicitly. In the special case of vanishing mixing in thet-sector, µ = 0, and mt 1 = mt 2 = mt, a relatively compact expression can be derived. It is given bŷ
with of thet mass matrix (our conventions are the same as in Ref. [9] ). In the plots below we have chosen mq ≡ Mt L = Mt R .
The plot in Fig. 2 shows m h as a function of M LR t /mq, where mq is fixed to 500 GeV. A minimum is reached for M LR t = 0 GeV which we refer to as 'no mixing'. A maximum in the two-loop result for m h is reached for about M LR t /mq ≈ 2 in the tan β = 1.6 scenario as well as in the tan β = 40 scenario. This case we refer to as 'maximal mixing'.
In Fig. 3 the low-tan β scenario with tan β = 1.6 is analyzed. The tree-level, the oneloop and the two-loop results for m h are shown as a function of mq for no mixing and maximal mixing. For both cases the one-loop result is in general considerably reduced. For the no-mixing case the difference between the one-loop and two-loop result amounts up to about 18 GeV for mq = 1 TeV, and m h reaches nearly 80 GeV for these parameters. In the maximal-mixing case the reduction of the one-loop result is about 10 GeV for mq = 260 GeV (for smaller mq one gets unphysical or experimentally excludedt-masses) and about 25 GeV for mq = 1 TeV. A maximal value of nearly 100 GeV for m h is possible in this case.
The variation of this result with mg is of the order of few GeV. Varying tan β around the value tan β = 1.6 leads to a relatively large effect in obtained for larger tan β . A more detailed analysis of the dependence of our results on the different SUSY parameters will be presented elsewhere [15] . The discovery limit of LEP2 is expected to be about 100 GeV [16] . Accordingly, for tan β = 1.6 nearly the whole parameter space can be covered at LEP2, although for slightly larger tan β and maximal mixing there remains some parameter space in which the Higgs boson could escape detection at LEP2.
In Fig. 4 the high-tan β scenario with tan β = 40 is analyzed. Again the tree level, the one-loop and the two-loop results for m h are shown as a function of mq for minimal and maximal mixing. As in the case of low tan β, the one-loop result is in general considerably reduced. For no mixing the difference between the one-loop and two-loop result reaches about 14 GeV for mq = 1 TeV, which corresponds to a value of nearly 115 GeV for m h . In the maximal-mixing case the reduction of the one-loop result amounts to about 7 GeV for mq = 260 GeV and about 22 GeV for mq = 1 TeV, which implies a maximal value of nearly 130 GeV for m h . The reduction of the one-loop result is smaller than for tan β = 1.6. This can be understood from the result forΣ φ 2 (0) given as a special case in eq. (10) . In this case β appears only in the prefactor as 1/ sin 2 β and one thus gets a bigger reduction of m h for smaller tan β. The variation of the result shown in Fig. 4 with mg is again of the order of few GeV. The effect of varying tan β around tan β = 40 is marginal. Although the inclusion of the two-loop corrections leads to an increase of the SUSY parameter space accessible at LEP2 also in this scenario, a full exploration of this scenario at LEP2 will not be possible.
We have compared our numerical results with those of the renormalization group studies of Ref. [5] and found good agreement, typically within 2 − 3 GeV. We have also checked that in the limiting case mt 1 = mt 2 = mg ≫ m t we recover the corresponding result given in Ref. [6] .
In summary, we have diagrammatically calculated the leading O(αα s ) corrections to the masses of the neutral CP-even Higgs bosons in the MSSM. The prediction for the mass of the lightest Higgs boson is reduced considerably compared to the one-loop case. After inclusion of the two-loop correction, for small tan β almost the whole allowed range of m h can be covered at LEP2. For large tan β the fraction of the parameter space accessible at LEP2 is also increased. However, higher energies than the designed maximal energy of LEP2 would be necessary in order to fully explore this scenario.
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